Abstract Five oxidized metallic alloys, namely, Crofer22, equivalent ZMG232, stainless steel SS430, SS304 and Inconel718 were subjected to oxidation treatment in hot air environment for various period of time. Then the resulted oxide scale was analyzed by scanning electron microscopy (SEM), electron probe micro analyzer (EPMA) and X-ray diffraction (XRD). All the five alloys contain comparable amount of Cr, Mn, Fe, and their surface oxides as analyzed indicate to be Cr 2 O 3 and (Mn, Fe)Cr 2 O 4 spinel compound.
Introduction
Considerable effort has been and continues to be exerted in the research of Fuel Cell as an alternative to fossil fuel in hopes of providing more environmentally friendly and clean energy sources. Among the various fuel cells, solid oxide fuel cell (SOFC) is the most efficient yet challenging one. Interconnect is a critical component in SOFC as it functions to bridge structurally and electrically a number of sequentially stacked unit cells. Each of them contains an electrolyte, an anode and a cathode. Since the SOFC system operates at high temperature and oxygen is supplied for chemical reaction with fuel (mainly hydrogen or hydro-carbon compounds) in order to output electricity, oxidation of interconnect is anticipated. However, any candidate alloy for interconnect must be oxidation resistant such that only a very thin layer of it is allowed to form if there is any. Only in compliance to this requirement, good electrical conducting can be maintained to assure system current flow after long period of operation. Reviewing on previous relevant research works were conducted, mainly on those alloys utilized at high temperatures. It is noted that there exists a newly developed and commercially available alloy for SOFC interconnect applications. This belongs to a ferritic stainless steel designated as Crofer22 APU which is offered by ThyssenKrupp of Germany [1] . Another material, ZMG232, of similar chemical compositions as provided by Hitachi Metals of Japan has also been seriously studied [2, 3, 4] . In the above two alloys, Cr is a solely major element content in addition to the base metal Fe. This is reasonable as it is generally known that Cr existence can help to form an initial thin surface film of Cr 2 O 3 to prevent further rapid inward increase of oxide scale. It should be interesting and demanding to know the oxidation behavior of the alloys containing high percentage of Cr, and associated electrical conductivity. In this paper, five metallic alloys containing Cr will be studied in this respect. The Crofer22 is obtained from the same commercial source as investigated elsewhere. The second alloy is a lab synthesized Crofer22 or ZMG232 based on public information regarding chemical compositions with Cr as the solely major alloying element. In this respect, SS430 contains comparable amount of Cr as the solely major element [5] . Furthermore, the SS304 containing Cr and Ni as the major alloying elements is included, however, it is not a ferritic stainless steel. The fifth alloy considered is Inconel718 which is based on Ni with main addition of Cr and Fe [6, 7, 8] .
Experimental
Five metallic alloys as listed in the table were subjected to oxidation treatment in hot air environment. Their analyzed chemical compositions are listed in Table 1 . It should be pointed out that the commercially available Crofer22 or ZMG232 purposely contains rare earth element, La and/or Zr. The equivalent ZMG232 examined here may be deviated in this respect. The to-be oxidized surface was highly fine polished prior to putting the specimen into a furnace maintaining at 800 for various time periods (10, 50, 100 and 200 hours). The oxide scale formed in this manner was observed and analyzed in surface and cross-sectional directions with scanning microscope and other auxiliary apparatus. 
Results and discussion
Oxidized Surface microstructure and formed phases Fig. 1 shows microstructures of the oxidized surfaces of five oxidized metallic alloys after exposure to hot air environment for 200 hours. The Crofer22 possesses similar morphology which was also observed and stated by Horita [4] . The micrograph shows sharp ant discrete stereo-granular structure, and each grain should be an oxide compound as the SEM/EDS analysis displays significant oxygen content. The SS430 exhibits two oxides, one in thin plate and the other in stereo-granular form (Fig. 1) . The former is probably a Mn-rich spinel while the other one bears similar form as those in Crofer22 and equivalent ZMG232 but this oxide contains much lower amount of Fe. The oxidized surface of SS304 is very different from the other alloys, exhibiting loosely laminated sheet form ( Fig. 1(c) ). EDS compositions analysis shows a significant content of Ni, which is not observed in the oxidized Inconel718 as depicted in Fig. 1(e) . The morphology of oxidized Inconel718 is comparable with the Crofer22 but still have some subtle difference.
Interesting enough, the Ni-based Inconel718 as containing ~59% Ni does not show Ni content in the surface oxide ( Fig. 1(e) ) while the much less bearing (~8% ) SS304 does ( Fig. 1(d) ). (Fig. 3) and EPMA analyses imply. Adjacent to the above layer is a loosely structured and thicker one which is determined as (Mn,Fe)Cr 2 O 4 spinel. Surface oxide compound analysis by XRD
In the previous section, it is seen that all the surfaces exposed to hot air show sign of oxide compounds. Their crystal structures need XRD to identify, and the X-ray diffraction patterns of the five alloys are presented in Fig. 3 . It is observed that XRD patterns of the Crofer22 and equivalent ZMG232 are close. Actually, their compositions and oxidized surface morphologies are the same as noticed in SEM/EDS analyses. The main peak locations in XRD pattern of SS430 are identical to the above two specific alloys. It is interesting to do a comparison work between these two categories in all the aspects. For the SS430, it contains higher amount of Si leading to possible formation of SiO 2 , which could degrade electrical conductivity. The rest alloys, SS304 and Inconel718 exhibit different patterns with respect to the preceding three ones having Cr as the sole main alloying element. All the five alloys indicate formation of Cr 2 O 3 , although their surface morphologies can be different. 
Summary
The oxidation behaviors of five metallic alloys were examined and analyzed. For the two specifically developed and commercially available alloys-Crofer22 and ZMG232, their compositions and oxidation behaviors are close. All the five alloys contain significant amount of Cr as the alloying elements, and the oxidized scales consist basically of Cr 2 O 3 and (Mn, Fe)Cr 2 O 4 spinel compound.
